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The fish production industry has become one of the most
important animal production projects, and fish industry suffer
from feed costs, so this study aims to find accessible food
additives that increase production or reduce costs. This was
done by 126 fish of common carp (Cyprinus carpio L.)
Average individual weight 42.72 g + 2.28 g. and 254.78 g *
2.95 g biomass weight. were randomly distributed to 21
aquaria, with seven treatments with three replicates, 6 fish per
aquarium. Fish were fed 3% by weight of biomass, on a
prepared diet with a protein content of 28%. It was divided into
seven sections by treatments, T1 without addition, T2, T3and
T4 adding sunflower oil 2, 4 and 6 g/kg, consecutively, T5, T6
and T7 adding canola oil 2, 4, and6 g/kg consecutively. The
experiment period lasted 70 days, and weight data were taken
every two weeks. Studied growth indicators (WG) Weight gain
(DWG) Daily weight gain (RGR) Relative growth rate (SGR)
Specific growth rate, feed utilization indicators Feed
conversion rate (FCR), feed efficiency rate (FER), protein
efficiency rate (PER). The fish body components were studied.
The results showed a significant superiority (p< 0.05) of TS5, T6
and T7 treatments over all treatments of growth indicators.
Similarly for indices of food use, treatments T5, T6 and T7
significantly outperformed (p< 0.05) in all experimental
treatments for FER and PER indices.

Keywords: Sunflower oil, Canola oil, Cyprinus carpio L., Growth parameters, Feed
utilization, Body composition.
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Introduction

Fish farming projects are among the best investment projects in Iraq and clearly
support food security (10), fish farmers face the challenges of feed costs, which
constitute 65-76% of the production cost, the researchers worked to try to reduce this
percentage by finding alternatives to the ingredients of the diets, through available
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and low-cost food additives and testing their addition in part or as a substitute for one
of the components of the diet (7).

Canola oil is available globally in abundance and at an affordable cost compared to
other food oils (3), in addition, it contains essential fatty acids in ideal quantities in
feeding aquatic animals (18), it was noted that the use of canola oil partially or
completely in fish diets feeding of common carp gave significant results in growth
indicators, liver health indicators, hepatosomatic index (HSI), economic index,
survival rates and net lipid utilization (NLU) (12), we can use food non-protein
sources such as carbohydrates and fats to balance energy, they can reduce the
consumption of protein to produce energy for the fish, which can be deposited in the
muscles of the body and increase the weight of the fish (1). As a result, the benefit of
the protein intake in the diet will be increased and the final cost of breeding will be
reduced. For this reason, determining lipid requirements is an effective step for
producing a low-cost, high-efficiency diet for fish growth (19).

This study aims to discover the possibility of adding different levels of sunflower and
canola oils in the diets of common carp, to find out its effect on growth indicators,
feed utilization and body composition of the fish under experiment.

Material and Methods

The protocol and the treaty of Rome - legal analysis of animal welfare standards were
observed during transportation, feeding and sampling, according to standard (2). The
experiment was conducted in the fish laboratory of the / Department of Animal
Production / College of Agriculture / University of Anbar / Iraq.

Aquaria and environmental conditions of fish: The experiment lasted 70 days for the
period from 4/December/ 2021 to 26/April /2022. The water quality was monitored
and the needed checks were carried out periodically in cooperation with Directorate of
Environmental Protection and Improvement / Anbar. The water temperature in the
experiment aquaria ranged from 23-25 degrees Celsius (The water temperature is
controlled by heaters designed for this purpose Chinese made), and the dissolved
oxygen concentration was 6.8-9.2 mg/Liter. Two Chinese-made (Hailea) compressors
with a capacity of 50 watts were used to ensure sustainable air supply and the pH
value ranged between 6.8- 7.3. For the duration of the experiment. The water quality
was controlled by withdrawing water and waste daily by siphon method after eating
the prescribed meal and partially replacing 25% of the water with the previously
stored water.

Food and processing transactions: The fish was fed 3% of the weight of the biomass
as a ration (balls with a diameter of 2-3 mm). From a certified diet, produced by the
Kingdom of Saudi Arabia, Maram Company, with 28% raw protein.

It was divided into seven sections by the treatments T1 without addition, T2 adding
sunflower oil 2g/kg ration, T3 adding sunflower oil 4g/kg ration, T4 add sunflower oil
6g/kg ration, T5 add canola oil 2g/kg ration, T6 add canola oil 4g/kg ration and T7
add canola oil 6g/kg ration. The additives were mixed by extruding the amount of oil
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in the form of a spray on the scattered ration on the table and homogenizing it in a
way that ensures distribution on all the ration granules. The feed was given two meals
per day (9 am and 2 pm), the weights of fish were taken individually every two weeks
and the weight of the provided feed was adjusted according to the new weights of the
biomass until the end of the experiment.

Experiment design: A total 126 fish of close weight were selected to carry out the
experiment and were housed in the aquaria designated for them, with a weight
average of 42.72 g + 2.28 g per fish, and an average weight of 254.78 g + 2.95 g per
each biomass in one aquarium, with 6 fish for each replicate with three replications
for each treatment.

studied standards: In order to find out the results of the indicators required to
complete the study, at the end of experiment, approximately 100 ppm of clove oil was
used to euthanize the fish.

Growth indicators: were determined using the following equation, for each indicator,
where W1 is the final weight, WO is the initial weight and T is the time in days.

Weight Gain (W G) = W1 - W0 (gm)

Daily Weight Gain (DWG) = W1 -WO0 /T (gm/day)
Relative Growth Rate (R GR) =W1-WO0 /W1 (%)
Specific Growth Rate (SGR) =InW2-InW1/T (%)

Feed utilization indicators: were determined using the following equation, where R is
total dry weight of diet (gm), and P is total dry weight of protein (gm), It is derived
from the weight of the dry food served x the proportion of protein in the food

Food Conversion Rate (FCR) =R (gm) / WG (gm)
Feed efficiency rate (FER) = WG (gm) /R (gm)
Protein efficiency rate (PER) = WG / P (gm)

The proximate body composition analysis: After euthanize the fish. The bodies of the
fish were taken to the laboratory for the purpose of analysis and detection of the
components.

Moisture content: Two samples were collected from each replicate (six fish per
treatment) and the samples were dried at 60°C until a constant weight was achieved.
Approximate composition calculated according to standard (4). methods sunflower
and canola oils, (17).

protein content: Kjeldahl method which used for the Crude protein analysis was
according to the Analytical Methods Committee, uses the method to determine
nitrogen content, using 6.25 as the conversion factor to get crude protein from total
nitrogen.
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Fat content: 5 g of sample was completely extracted by wrapping in a filter paper in a
Soxhlet apparatus,to obtain crude fat, petroleum ether was the extractant used.
according to standard (4). methods.

Ash content: After drying the samples and calculating the moisture content, they were
taken to a burning furnace 550 Celsius for 4-8 hours until the weight stabilized, at
which point the sample was weighed. According to (4).

Statistical analysis: Statistical Analysis System was used to analyze the effect of
different coefficients in the studied characteristics on a complete Randomize Design
(CRD), and the significant differences between the averages were compared with 8,
21. Polynomial at the level of significance (P<0.05), depending on the mathematical
model.

Yij =M+ Ti + eij
Results and Discussion

Agquaria water quality: The water temperature in the experiment aquaria ranged from
23-25 degrees Celsius, and the dissolved oxygen concentration was 6.8-9.2 mg. per
Liter and the pH value ranged between 6.8- 7.3. For the duration of the experiment.

Discussion water quality: The levels of temperature, pH and dissolved oxygen levels
of aquaria water for the current experiment were within the appropriate limits for the
welfare of common carp fish in Irag (13).

growth parameters: WG: The results of the current study showed the significant (p<
0.05) of the weight gain of the two treatments T5 (0.002 canola) and T7 (0.006
canola) over all treatments of the experiment, and recorded 484g and 495g.
respectively and it did not differ significantly (p< 0.05) from the treatment of T6
(0.004 canola) which recorded 482g.

DWG, RGR and SGR for the other indicators were daily weight gain, relative growth
rate and specific growth rate significantly superior (p< 0.05) canola oil addition
treatments with their three levels: T5 0.002, T6 0.004 and T7 0.006. As shown in
Table 1.

Table 1 Effect of using sunflower and canola oils in common carp diets on
growth parameters.

Control Add sunflower oil Add canola oil
Criteria Tl T20.002 T30.004 T40.006 T50.002 T60.004 T70.006
W 254 253 255 253 254 254 254
gm *+0.375 +3.25 +0.075 +1.99 +2.14 +3.03 +0.590
FW 428 431 412 431 484 482 495
gm +10.2 +27.3 +18.1 +2.78 +4.65 +12.5 +6.58
b b b b A ab a
WG 174 178 157 178 230 228 241
gm +9.86 +24.1 +18.0 +4.77 +2.51 +15.2 +7.17
b b b b a a a
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DWG 2.485 2.542 2.242 2.528 3.285 3.257 0.102 442

gm/day +0.141 +0.345 +0.258 +0.068 +0.035 +0.217 +
b b b b a a a
RGR 0.674 0.703 1.012 0.703 0.905 0.897 0.948
% +0.141 +0.345 +0.258 +0.068 +0.035 +0.217 +0.102
b b b b a a a
SGR 0.0072 0.0076 0.0067 0.0076 0.0092 0.0091 0.0095
% +0.0002 +0.0007 +0.0006 +0.0002 +0.00 +0.0006 +0.0002
c bc c bc a ab a

* Values represent mean + standard error.
a, b, c: the different letters within the same row indicate the presence of significant differences
between the treatments at the level of significance (P<0.05).

Discussion growth parameters: (17). indicated that the presence of the appropriate
essential fatty acids in the ideal quantity and quality controls the diet of fish in the
aquatic environment. The presence of similarity to some extent in the quality of
unsaturated fatty acids and in quantities appropriate to the needs of fish in canola oil
with fish oil (15). This may be caused the weight gain of fish that were fed at different
levels to add canola oil to their diet, and their different percentages (0.002, 0.004 and
0.006), The rest of the indicators depend relatively mainly on the weight gain that
occurs according to their equations.

feed utilization: FCR: The results for the food conversion rate trait showed no
significant differences (P<0.05) between all the experimental treatments.

FER: As for the feed efficiency ratio, all canola oil treatments T5, 6T and T7
significantly (P<0.05) outperformed all experimental treatments and scored 41.0%,
40.5% and 43.1%, respectively.

PER: As for the feed efficiency ratio, all canola oil treatments T5, 6T and T7
significantly (P<0.05) outperformed all experimental treatments and scored 41.0%,
40.5% and 43.1%, respectively.

Table 2. Effect of using sunflower and canola oils in common carp diets on feed

utilization.
Control Add sunflower oil Add canola oil
Criteria T1 T20.002 T30.004 T40006 T50002 T60.004 T70.006
FCR 3.28 2.84 3.62 +3.13 2.43 2.45 2.31
*+0.190 +0.765 +0.425 0.085 +0.030 +0.165 +0.065
A a a a A a A
FCE 30.5 31.9 28.1 +31.8 41.0 40.8 43.1
+1.76 +4.32 +3.44 0.855 +0.450 +2.72 +1.28
B b b b a a A
PER 108 114 99.7 +113 146 145 154
+6.29 +15.4 +11.5 3.04 +1.83 +10.2 +4.70
B b b b a a A

* Values represent mean + standard error.
a, b, c: the different letters within the same row indicate the presence of significant differences
between the treatments at the level of significance (P<0.05).

Discussion feed utilization: Food Conversion Rate (FCR): (8) indicated that the
optimal dietary protein level improves the digestive and absorption capacity of
protein, and the abundance of fats in the diet is used as an energy source, providing
protein for maintenance and muscle formation and (9). The results of our current
study may agree with the researchers theory above. The results gave an increase in the
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indicators of growth and feed utilization, and they did not differ significantly in the
food conversion rate.

Feed efficiency rate (FER) and Protein efficiency rate (PER): Canola oil, when used
partially or completely in fish diets, raises and improves growth performance rates
and improves feed utilization rates economically (12). and it contains the appropriate
dietary linolenic / linoleic acid ratios affecting growth performance and the formation
of sex steroids for common carp (5). Perhaps this is what happened to our current
study of the superiority of canola oil additives.

body composition: Moisture: The results showed the significant (P<0.05) in the body
moisture percentage of fish for the control treatment 1T, which was fed with the
ready-made ration without additives, and the second treatment 2T, adding 2g/kg2 over
all the experimental treatments, and it recorded 77.6% and 77.2%, respectively.

Protein: The results of the protein ratio showed a significant (P<0.05) superiority for
each of the two treatments of adding sunflower oil 4g/kg 3T and 6g/kg 4T, and it
scored 16.6% and 16.7%, respectively. And the two treatments of adding canola oil
4g/kg 6T and 6g/kg 7T to all treatments were 17.1% and 17.4%, respectively.

Fats: As for the percentage of body fat in fish, it was significantly (P<0.05) superior
to the treatment 7T 6g/kg canola oil, which scored 3.52%, and did not differ
significantly from the treatment, canola oil 4g/kg 6T, which recorded 3.18%, as
shown in Table 3.

Table 3 Effect of using sunflower and canola oils in common carp diets on body

composition.
Control Add sunflower oil Add canola oil
Criteria T1 T20.002 T30.004 T40.006 T50.002 T60.004 T70.006
Moisture 77.6 77.2 76.3 75.9 76.2 74.9 73.9
+"0.242 +0.050 +0.038 +0.047 +0.267 +0.297 +0.250
A a b b b C D
Protein 15.4 15.5 16.6 16.7 16.5 17.1 17.4
+0.432 +0.197 +0.170 +0.165 +0.307 +0.215 +0.555
C bc a a ab a A
Fats 2.57 2.50 2.76 2.65 2.65 3.18 3.52
+0.226 +0.020 +0.075 +0.070 +0.285 +0.069 +0.130
C c bc bc bc ab A
Ash 2.40 2.51 2.81 2.73 2.99 3.32 3.24
+0.295 +0.360 +0.167 +0.142 +0.125 +0.372 +0.095
A a a a a a A

* Values represent mean = standard error.
a, b, c: the different letters within the same row indicate the presence of significant differences
between the treatments at the level of significance (P<0.05).

Discussion body composition: Moisture: There is a clearly inverse relationship
between moisture content and fat mass deposited in fish body cells, and fish use a lot
of fat reserves as an energy source, especially during spawning and starvation
activities (11). Long-chain omega-3 fatty acids (N-3) can be deposited in the body of
fish and stored in the ventral muscle cells, for use in energy production (16). The low
moisture ratios of the treatments of the current study may be due to the canola oil’s
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content of long-chain omega-3 fatty acids added to the diets, which led to the
deposition of fats in the bodies of fish fed on the experimental diets, and the moisture
levels of the bodies of fishes treated as control decreased.

Protein and Fat: Long-chain omega-3 (N-3) polyunsaturated fats are considered safe
additives or alternatives when used in fish feed and affect the activities of enzymes
related to oxidative stress and fat deposition on the whole body in a positive way (16).
(6) indicated that the consumption of these oils into the diet of fish works to provide
or reduce the digestion of protein to produce energy, and the surplus is deposited in
their bodies and between the muscles. From the results of our current study, may be
the proportion of protein in the tissues of the fish body increases when saturated fats
similar to fatty acids are available in the diet, the saturated fats in the diets preserved
the digested protein to be deposited in their bodies

Ash: represents minerals, salts and rare metal elements in addition to mineral sources,
as silica can be found from plant food sources that absorb mono salicylic acid and
insects (14). It may be that the percentage of ash does not differ between treatments as
it is from abiotic solids, and the slight differences in ash may be attributed to the same
fish.

Conclusions: A study was conducted to test the feasibility of using sunflower oil and
canola oil in feeding common carp fish, by adding three levels of each (0.002, 0.004
and 0.006) to the diets for a period of 70 days under appropriate conditions. The
results of adding sunflower oil (0.004 and 0.006) showed that protein was deposited
in the fish body. While the addition of canola oil at an amount of (0.004 and 0.006)
improved all growth indicators and improved feed utilization efficiency and protein
utilization efficiency and led to an improvement in the deposition of protein and fat in
the fish body. More research is required to obtain a significant reduction in the costs
of the fish production industry by testing other alternatives that improve production
performance without compromising on the overall health and welfare of the fish under
cultivation.
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